Background: Ethnobotanical studies generally describe the traditional knowledge of a territory according to a "hic et nunc" principle. The need of approaching this field also embedding historical data has been frequently acknowledged. With their long history of civilization some regions of the Mediterranean basin seem to be particularly suited for an historical approach to be adopted. Campania, a region of southern Italy, has been selected for a database implementation containing present and past information on plant uses.
Background
In the last decade, several information systems have been developed to collect and manage the traditional knowledge (TK) on the use of plants from different geographical areas. As far as the Mediterranean basin is concerned, networks like MEDUSA [1] have been established to identify native and naturalized plants, and to set up an on-line database. In the same area the integrated and multi-disciplinar project RUBIA [2] focuses on the collection and dissemination of TK related to uses of wild and neglected cultivated plants, also exploring the relationships to folkloric history and socio-cultural context. On a wider geo-graphical scale, Thomas et al. [3] developed an electronic archive based on object database technology for submission, storage and retrieval of ethnomedicinal data, and Skoczen and Bussmann [4] have recently presented their International Ethnobotany Database (ebDB), an on-line database, which provides a generic solution for ethnobotanical data storage, being multilingual, and open to anyone wants to add information. Although those databases implement advanced solutions regarding linguistic and semantic issues [3] , they have not been designed for the storage of data ranging over large temporal extensions, and, at present, no data base repository has been specifically developed with a focus on historical ethnobotany.
It has been recently stressed that one of the unresolved problems of the present ethnobotanical and ethnopharmacological studies is the limited contribution of disciplines like anthropology and historical sciences [5, 6] . As a consequence the focus of ethnobotanical research is rarely given by the comprehension of the traditional health systems and their development during the centuries. On the other hand, the complexity of this approach requires adequate tools to manage the complex flow of information collected. The historical complexity, common to Mediterranean area [7] , requires an integrated approach to understand the context and the evolution of local traditional knowledge on plant uses [8, 9] . As a case-study, we selected the Campania region (southern Italy, Figure 1 ), which has been inhabited since prehistoric times by different ethnic groups, thus merging different traditions into a unique corpus of traditional knowledge. Before the Roman colonization, Greek and Etrurian colonies occupied this region, together with indigenous Italic people, as Osci and Samnites [10] . Later on, the Region of Campania was annexed by the Romans and, after the fall of the Western Roman Empire, different populations ranging from Goths and Byzantines, to Arabs, Normans and Longobards occupied part of the territory or established lasting relationships with local populations.
A relational database has been elaborated with the goal of providing a standard for the storage of historical series of ethnobotanical data in the Mediterranean region, allowing the temporal exploration of links and meanings.
Methods

Development of the database
The database prototype has been implemented as a local relational database. Different implementation solutions were tested, according to the requirements and use cases. Present and ancient ethnobotanical data were organized in the same table structure, allowing some costs of redundancy in favor of the homogenization of data and queries. Because flexibility was a major issue for our archive, object oriented concepts were implemented, such as unlimited hierarchical structures (self-joined tables), particularly for categorized look-up tables and species taxonomy, and inheritance concepts, allowing e.g. information sources to be a reference, a person, an herbal or an archeological remain. Those techniques allowed us to develop a minimal data structure fitting different kind of information, and to perform queries at different levels of detail.
The structure of the developed repository is summarized in Figure 2 and in Table 1 .
The archive currently allows the storage and management of following information:
• ethnobotanical information from interviews (informants), historical herbarium specimens and documents (recent, historic and ancient sources), according to a hierarchical catalogue of plant uses and preparations (medicinal, alimentary, ceremonial, veterinary, domestic). It is also possible to include ethnobotanical information from archeological remains, although the relationships to the relative databases have not yet been implemented.
• plant names information: plant popular names (local or ancient), and their relationship to species taxonomy [11] . Information on reliability of species identification (also multiple options are possible, according to hypothesis of different authors);
• information on specimens in historical herbals.
Ethnobotanical data were organized in a relational structure: a relevée can group information on multiple plants, which can be used for different scopes, each being reached with one or a sequence of preparation steps. Traditional knowledge cannot be easily categorized and therapeutic uses are often intermingled with ceremonial and symbolic ones. Since attempts to categorize these kinds of uses are not always meaningful, the storage of a description that reports in detail a specific application of a plant is recommended. However, to allow a more effective search within the database, beliefs and practices dealing with folk uses of a species were grouped in use categories, ranging over medicinal (including affection and mode of administration of the plant), ceremonial (symbolic, ritual, religious including any belief concerning the plant), alimentary, domestic (from the control of undesired animal in the house, to house construction, or wooden utensils), veterinary uses. These categories have been organized in a hierarchical structure and may be assigned according to the detail level of the information gathered. A reliability degree of those use assignments is given, particularly for data from the ancient treatises and from archeological remains. The principle of storing information with different levels of accuracy has been implemented also for the preparation steps (mechanical breaking, cooking, drying, ...) and for the plant parts involved (above ground part, bark, leaf, young leaf, below ground part, root, bulb, tuber, ...).
Location of Campania in Italy
This level of semantic detail allows fine tuned query possibilities and is needed if a future improvement to a multilingual application is planned.
The database is intended to store and manage data from pre-Linnean times to present. At the moment the oldest entries stored in the database, dealing with plant uses in Mediterranean region during Antiquity, come from studies carried out in the last decade on Corpus Hippocraticum [12] treatises, Dioscorides "De Materia Medica" [13] [14] [15] , Pliny's Naturalis Historia [16] , and Pseudo-Apuleius Herbarium [17] . Since ancient texts provides no iconography and limited description of plants; the identity of these species is always a matter of controversial [18] . For example, according to Buenz [19] , the identification of the plants quoted in the Corpus Hippocraticum is a largely overcome challenge, whereas Raven [20] is clearly skeptical about the possibility of resolving the identity of any Greek phytonym down to the species level, in accordance with Linnaean nomenclature. In order to explicitly implement in our database this uncertainty, a join table with the putative identifications of ancient phytonyms with one or more Mediterranean species has been implemented with the proposed identifications according to Aliotta et al. [12] and Stirling [21] . Thus this allows a critical evaluation of ancient traditional knowledge about the uses of a plant. We used this specific structure to enable us also to manage synonym relationships of scientific names or identical phythonyms referring to different species, according to regions or authors. In this respect, our phythonym table contains popular, ancient, Italian and scientific names, allowing a maximum flexibility when entering new ethnobotanical records.
Since a consistent number of our entries come from plant labels in historical herbals, also detailed information on specimen and herbal collections was stored in the database.
Information sources can be of multiple types, namely bibliographic references, collectors, informants, historical 
Plant use
Information on the use of the plant, namely classified use and use category, use description and reliability (especially for information from the ancient treatises or archeological remains).
Plant preparation
The preparation of the plant is stored according to preparation mode and plant part used. Multiple steps for the preparation of a single plant use (receipt) can also be recorded.
Phytonym
Different phytonyms, of different types. In this table are stored also the scientific names, including synonyms.
Taxon assignment
Join table storing the taxon assignments to the phytonyms, with the source and the reliability. For the case of scientific phytonyms, and for most of the Italian phytonyms, the reliability is considered sure. A phytonym can have multiple putative identifications.
Taxon
Scientific name of the taxon, organized in a hierarchical structure (at different taxonomic levels), e.g. Labiatae > Thymus > Thymus serpyllum. Only the accepted scientific synonym is stored in this table.
Specimen
Herbal specimen information.
Herbal collection
Details on the herbal collection.
Life form
Different life forms, organized in a hierarchical structure (with different detail levels), e.g. Therophytes > erect.
Phytonym type
Ancient, Italian, popular and scientific names.
Plant part
Different plant parts, organized in a hierarchical structure (with different detail levels), e.g. aerial part > leaf > young leaf.
Preparation
Different preparation steps, organized in a hierarchical structure (with different detail levels), e.g. cooked > boiled, fried. Reliability Sure, nearly sure, probable, presumed, doubtful, wrong. Site Different sites, organized in a hierarchical structure (at different spatial scales), e.g. Mediterranean > Italy > South Italy > Campania > Napoli.
Source
Source description, can be of different types (bibliographic reference, collector, informant, herbal, archeological). According to the referencing tables, only subsets of this table can be selected.
Spatial relevance
Point, local, municipality, region, province, nation.
Taxonomic level
Family, genus, species, subspecies. Use Different plant uses, organized in a hierarchical structure (with different detail levels), including medicinal (e.g. health > neurological disease > headache), ceremonial, alimentary, domestic and veterinary uses.
Use category
Ancient medicine, official medicine, popular, ceremonial herbals or archeological remains. All or subsets of these types can be referenced, according to the tables where a source information is needed.
As already mentioned, reliability of the information stored in the database is handled at multiple levels, namely: phytonym identification (Plant table) , which in the case of informants or collectors is useful, tentative identifications ( Taxon assignment table) , used mainly for data from the ancient treatises, and use assignments (Plant use table), for data from ancient sources or archeological remains.
Figures 3 and 4 show two screenshots of the main data management mask, respectively with recent and ancient ethnobotanical data. At this development stage, neither administration of user privileges on data subsets nor multilingual support have been implemented. Different query features allow the user to get a temporal drawing of the importance of a species within the life of a community. A query for a species or a genus returns all the available information, either from published works, unpublished interviews, labels of historical herbals or archeological remains. The hierarchical features implemented for uses, plant parts, preparations and sites (from national to municipality level) allows both generic or fine-grained queries for those parameters, according to the requirements of the user. Particular query settings can be specified, in order to extend the queries to rougher levels of detail, e.g. querying for a genus instead of a species, thus including all the species of that genus, or querying for neurology instead of headache, thus including all neurological affections. Such latter use comparisons can only be performed in the frame of the specified hierarchical structure, which implicitly defines the degree of similarity of the uses. In the future, different hierarchical classifications The performed queries return the appropriate reliability information. This is particularly important for the case of multiple putative identifications of ancient phytonyms, where a query for a given use produces multiple report lines for the same ethnobotanical information, according to the taxon assignments. The tuning of reliability settings allows restricting the query from all the record combinations (for a case by case analysis) to only records with a certain reliability degree or to only record combinations with the highest reliability.
Also historical summary information can be retrieved (analyzing the highest reliabilities), matching a plant binomial with a specific use, and showing for example how many times a given medicinal use of a species is reported in the database for a defined period.
The repository has been implemented with PostgreSQL8. 3 [22] , while entry masks have been developed with Microsoft ® Access 2000 [23] .
Campania as a case study
At present time only data on flowering plants have been stored in the database, but it is possible to extend the archive also to non-vascular plants, algae and fungi. The interval of time was chosen because plant nomenclature from XVIII century onward is based on Linnean classification, which allows a more reliable approach to species identification. At the moment, all the data from modern (1950 -present days) ethnobotanical studies carried out in Campania have been stored in the database, together with the available information from different historical sources dating back from the first half of 1900's to XIX century. The majority of the records were extracted from hundreds of published works, both popular and scientific, which belong to three main types of sources:
I) floristic description of a territory, which often contained ethnobotanical information (i.e. Gussone [24] ; Pasquale [25] ; Pasquale and Pasquale [26] Numbers are referred to published data; * number of unpublished data.
carried out according to the procedures adopted worldwide for ethnobotanical research. On the other hand, historical data stored in the archive allow to elicit information from sources which hardly represent a random sample of a statistic population. They can be derived from a single observation or from memories of very few individuals, and are only rarely a detailed recollection of uses coming from a population. The structure of information on plant uses from past centuries precludes any quantitative approach in comparison between past and present traditional knowledge of populations living in Campania. Notwithstanding this limitation, the historical ethnobotanical archive represents a useful tool to understand cultural transformations occurring on plant uses over the generations, particularly shedding light on continuity and changes in folk phytotherapy.
From the analysis of the information stored in the database, it is possible to make some generalizations on the evolution of ethnobotanical knowledge in Campania. Several trends remain unchanged over the last two centuries, such as the prevalence of data about medicinal plants, included those used in the so-called food medicine, which was often mentioned in XIX century sources. The occurrence of a relatively high number of medicinal citations is also due to the interests of the authors of that time, generally physicians or chemists.
The data were analyzed for both content and geographical distribution. In Figure 5a is shown the distribution of ethnobotanical information in the XIX century in Campania, and in Figure 5b that related to the XX century. Figures 5a and 5b reveal that some Campanian areas, which are ecologically homogeneous and share a common historic context, have been studied in some detail, whereas for other territories information is very scanty. In the last two centuries, a remarkable convergence of ethnobotanical studies has been carried out on Sannio, a territory which in part correspond to Samnium of Pre-Roman and Roman Age [10] . Moreover, from the comparison between figure 5a and 5b a difference clearly emerges: some studies made in the first mid of the XX century report on ethnobotanical data attributed to large macro-areas of Campania, without any further detail. In figures 5b the areas interested by this kind of studies are marked with a pink colour. Although this reports can reveal meaningful information on the value of natural resources to local people, it is not possible to relate this information to a specific community. In our point of view these data should be usefully employed only as starting points for more detailed studies. Table 3 lists the plants already employed in Campania at the beginning of XIX Century, which are still in use. Some species have been used for multiple purposes, including those related to food, medicine, ceremonies, and magic rituals. According to Turner [30] , "the more widely or intensively a plant is used, the greater its cultural significance". If we take this assumption as a general rule, it is possible to derive from Table 3 a rank of significance for each plant included, although in a preliminary and qualitative way. In this respect, it is not surprising that the cultural importance of some species as Olea europea L. and Vitis vinifera L., followed by Brassica oleracea L. ranked highest in usage, and consequently in cultural significance, in the Campanian territory. The domestication and cultivation of these species was of pivotal importance in Figure 5 Distribution of ethnobotanical information in Campania region during the XIX (a) and XX (b) century. Points (red circle and green circle) designate local information (territories up to 10 k2). Colored areas are related to data generically attributed to large territories. Dark areas (green and dark pink) = territories between 10 and 100 k2, light pink areas = territories > 100 K2 ha.
Distribution of ethnobotanical information in Campania region during the XIX (a) and XX (b) century
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• the Mediterranean civilization since Neolithic times, and represent still now an important economic resource for the Campania and the whole Mediterranean Region. The treatment of a range of internal affections with the so called food medicine often relies upon cultivated plants; in general, the collection of wild greens, although still practiced, has been considerably reduced in present times. This is probably due to the continuous decrease of people able to recognize plants in the wild, which, in turn, has been determined by the decline of agriculture in the region. However, cultivated plants correspond to about 30% of the species recorded in Table 3 , the remaining being wild species, and it is possible to infer some degree of significance also for these species. For a detailed comparison, we selected three wild gathered species, Adiantum capillus-veneris L., Parietaria judaica L., and Artemisia absinthium L. frequently used in Campania (Table 4) .
It is evident that even though the general significance of these plants, based on the number of usages, remained unmodified, many present uses differ from those of XIX Century. The analysis of data suggests that in XIX, and in the first decade of the following Century, the selected plants were primarily used as pain-killer, and as febrifuge, whereas their reliance for these scopes is now less frequently reported [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . The capillary spread of conventional pharmaceuticals products, comparatively safer and more efficacious, has probably caused the disappearance of this medicinal use. On the other hand, some new applications probably borrowed from health public media, have been introduced, as indicated by the application of some plants against metabolic diseases, such as high blood pressure, and hypercholesterolemia.
Extension of the temporal context to the Antiquity
The Campanian historical database encompasses also information on plant uses in ancient Mediterranen cultures, particularly of Greek and Roman phytotherapy. This inclusion needs some methodological considerations: in a straightforward assay, the anthropologist Di Nola [42] categorized different kinds of ethnomedicine. The first one fits the Hoppal [43] definition: "ethnomedicine is the term for the practice of folk healing in the recent ethnographic literature". This definition embraces not only the study of cultures lacking written traditions, but also the body of traditional knowledge of European rural communities. According to Di Nola [42] also the corpus of knowledge belonging to the Ancient Classic medicine can be considered as a sort of ethnomedicine. It consists of treatises where popular phyto-remedies are described, although often tightly intermingled with a scholar approach to the therapy of some diseases. It cannot be denied that a thread linking Ancient and contemporary ethnobotany in Mediterranean Countries can be ideally traced: Stannard [44] stressed that not few curative practices elaborated in early times of Western civilization had remained alive. On the other hand, the caution evoked for the evaluation of ethnobotanical data coming from the last two centuries must be multiplied when one aims to analyze different uses of plants over a so large temporal period.
Paul [45] suggested that popular therapeutics is prevalently made by old medical prescriptions, which were subsequently abandoned by official Medicine. To shed light on this point, the medicinal uses of A. capillus-veneris, A. absinthium and P. judaica have been reported in table 5, according to some of the most important medical treatises of Antiquity and to a medical text of XVIII Century written by V. Petagna [27] . In this way, it is possible to trace the possible influence on present popular medicine of historical recipes from different periods. As can be seen, during Antiquity A. capillus-veneris was administred mainly against pulmonar and kidney affections, and to treat gynecological diseases, A. absinthium was highly reputed as a tonic and digestive, and as a powerful antiworming agent and P. judaica had application as a diuretic, in the therapy of skin affections and to help the resolution of traumatic accidents. Similar therapeutic uses are also descripted by Petagna [27] . A comparison with the present ethnopharmacological knowledge in Campania indicate that only some of the oldest applications are still in use, and that, as expected, there are more similarities between the indications reported by Petagna [27] and the present uses of the selected plants. However, no general rule can be traced; the story of uses of each plant follows hardly identifiable Sonchus oleraceus L.
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• Vitis vinifera L. * • • • • (*) Cultivated plants. trajectories, which need a detailed study of all available sources. A point break is the transition from Antiquity to the Christian Era, when new symbolic meanings were introduced for many plants, renforcing old therapeutical applications or also relating them to unexplored medical applications, as in the case of Rosmarinus officinalis in Latin America [6] .
In this respect, the comparison of the TK of a restricted territory as that of Campania with the corpus of Ancient phytotherapy can not be exhaustive and needs a more detailed scrutiny carried out on a larger set of historical data from other territories of the Mediterranean region.
Conclusion
The Mediterranean region, with its complex history, still needs historical studies dealing on traditional knowledge of plants. This database revealed to be a useful tool to store and to compare present and previous ethnobotanical uses in the Campanian region. The collection of data is in progress. Further information could be gathered in small libraries and local archives present almost in an Campanian towns, where it could be possible to find forgotten sources dealing with local traditions.
In the next future it is necessary to finalize the structure of the database for publishing it online, adding multilingual support and administration of user privileges, in order to be contributed by other researchers, thus enhancing the Mediterranean ethnobotanical network.
